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Abstract 
The present study was conducted to measure integrated radon and thoron concentration levels in dwellings of Aligarh city and 
around the thermal power station situated in Aligarh District. Solid State Nuclear Track Detectors (LR-115, TYPE-II) based twin 
cup dosimeters were used for this purpose. Radon and thoron progeny concentration levels in terms of Potential Alpha Energy 
Concentrations (PAECs) and annual effective dose received by the inhabitants in studied dwellings were estimated from 
observed values of radon and thoron gas concentrations. The evaluated mean values of radon and thoron gas concentration in 
Aligarh city were 30.3 Bqm-3 (SD =10.6) and 10.2 Bqm-3(SD =6.1) respectively and around thermal power station 23.6Bqm-3(SD 
= 5.2) and 7.7 Bqm-3(SD= 1.9) respectively. The evaluated mean value of radon and thoron progeny concentration were 3.3 
mWL (SD=1.1) and 1.1 mWL (SD= 0.7) respectively, in Aligarh city and 2.6 mWL (SD=0.6) and 0.8 mWL (SD= 0.2) around 
thermal power station. The estimated average value of annual effective dose in studied dwellings was 0.9 mSv (SD= 0.3) in 
Aligarh city and 0.7 mSv (SD= 0.2) around thermal power station. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 26ICNTS. 
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1. Introduction 
Exposure to radon, thoron and their short lived progeny constitute the major part of the dose to the lungs from 
natural radiation sources. The estimated worldwide average annual effective doses due to radon and thoron are 
1.15mSv and 0.1mSv respectively, and is about half of the estimated dose (2.4mSv) due  to all natural sources of  
ionizing radiation (UNSCEAR, 2000). Radon (222Rn) and thoron (220Rn) are the alpha emitting radioactive gaseous 
decay products of radium isotopes 226Ra and 224Ra, present in all terrestrial materials in various degrees. The short 
lived decay products of radon (222Rn) and thoron (220Rn) are always present in all atmospheres, whether indoors or 
outdoors and when inhaled, these can stick to the airways of the lung and increase the risk of developing lung cancer. 
Various studies on residential radon and lung cancer (Tracy et al., 2006) provide evidence of a positive association 
between residential radon and lung cancer.  
2. Experimental Details 
For the assessment of long- term radon/thoron exposure passive devices based on alpha particle track detectors 
are very attractive. In the present work Kodak LR-115, type-II cellulose nitrate pelliculable film, which is specially 
designed for registration of alpha particles, was used for radon and thoron monitoring. The film strips of size 3cm×3 
cm were loaded in each chamber of twin cup dosimeters for the estimations of gas concentrations. The radon-thoron 
mixed field dosimeter employed in this work has two identical cylindrical chambers coupled on a central disc. One 
has a perforated disc over which a glass fiber filter paper is tightly fixed with the cap and other has its mouth closed 
with a disc of 2 mm thick having 4 holes of 1 mm diameter. The pin hole compartment allows radon alone to diffuse 
into it through pin holes and other compartment fitted with filter paper allows both radon and thoron gases to diffuse 
in from ambient air. The dosimeters were installed in the thirty one selected dwellings of Aligarh city and in forty 
dwellings around thermal power station. After the exposure of ninety days the dosimeter were retrieved and the 
detector films were etched chemically in 2.5N NaOH solution at 600 C for eighty minute in a constant temperature 
water bath. To count tracks, a pre-calibrated spark counter was used. The recorded track densities were then 
converted in radon and thoron concentration by using an appropriate calibration factors (Kumar et al., 2014). The 
progeny concentration of radon and thoron in terms of Potential Alpha Energy Concentration (PAECs)  and  the 
annual effective dose received by the inhabitants due to inhalation of indoor radon, thoron and their progeny for 
80% home occupancy time, i.e., 7000 h per year were evaluated by using the appropriate relations (Kumar et al., 
2014). 
3. Results 
The evaluated radon gas concentrations varied from 16.9 Bqm-3 to 67.6 Bqm-3 with an average value of 30.3 
Bqm-3 (SD= 10.6) in dwellings of Aligarh city and from 14.5 Bqm-3 to 34.3 Bqm-3 with an average value of 23.6 
Bqm-3 (SD=5.2) in dwellings around Thermal Power Station. In Aligarh city thoron gas concentrations varied from 
4.2 Bqm-3 to 31.9 Bqm-3 with an average value of 10.2 Bqm-3 (SD= 6.1) and from 4.2 Bqm-3 to 11.1 Bqm-3 with an 
average value of 7.7 Bqm-3 (SD= 1.9) around Thermal Power Station. 
PAEC of radon varied from 1.8 mWL to 7.3 mWL with an average value of 3.3 mWL (SD=1.1) in Aligarh city 
and varied from 1.6 mWL to 3.7 mWL with an average value of 2.6 mWL (SD=0.6) around Harduagang thermal 
power station.  PAEC of thoron varied from 0.5 mWL to 3.5 mWL with an average value of 1.1 mWL (SD=0.7) in 
Aligarh city and from 0.5 mWL to 1.2 mWL with an average value of 0.8 mWL (SD=0.2) around Harduaganj 
Thermal Power Station. 
The variation in annual effective dose due to inhalation of radon, thoron and their progeny received by the 
inhabitant in Aligarh city and in the region around Harduaganj Thermal Power Station are shown in fig.1. (a) and (b) 
respectively. In Aligarh city, it varied from 0.5 mSv to 2.1mSv with an average value of 0.9 mSv (SD=0.3) and from 
0.4 mSv to 1.0 mSv with an average value of 0.7 mSv (SD=0.2) around Harduaganj Thermal Power Station. 
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Fig.1. (a) Annual effective dose variation  in dwellings of Aligarh city (U.P.) India; (b) Annual effective dose variation  in dwellings arrond 
Hardwaganj Thermal Power Station in Aligarh District (U.P.) India 
4. Conclusions 
The maximum value of radon concentration evaluated at both studied places (67.6 Bqm-3 in Aligarh city and 30.3 
Bqm-3 around Harduaganj Thermal Power Station, Aligarh) was lower than the newly proposed reference level of 
300 Bqm-3 by International Commission on Radiation Protection (ICRP) [Vaillant and Bataille (2012)].The value of 
annual effective dose received by the inhabitants, due to inhalation of indoor radon, thoron and their decay products 
estimated through this study in dwellings of Aligarh city   (0.9 mSv) and around Harduaganj thermal power station, 
Aligarh (0.7mSv) was below the global average value (1.25 mSv) given by UNSCEAR (2000) and much below the 
annual reference level of 10 mSv as recommended by ICRP [Vaillant and Bataille (2012)]. As the estimated radon 
and thoron levels in dwellings around Harduaganj Thermal Power Station, Aligarh were lower than in the studied 
dwellings of Aligarh city, therefore it can be concluded through this study that coal based power generation facility 
do not make any significant contribution to radon and thoron in indoor air. 
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